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(57) ABSTRACT

A plasma etching method etches an organic film formed on a
target substrate by using a plasma of a processing gas via a
silicon-containing mask. The processing gas 1s a gaseous
mixture of an oxygen-containing gas, a rare gas and a carbon
fluoride gas. A computer-executable control program con-
trols a plasma etching apparatus to perform the plasma etch-
ing method. A computer-readable storage medium stores
therein a computer-executable control program.

12 Claims, 3 Drawing Sheets
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PLASMA ETCHING METHOD, PLASMA
ETCHING APPARATUS, CONTROL
PROGRAM AND COMPUTER-READABLLE
STORAGE MEDIUM

FIELD OF THE INVENTION

The present invention relates to a plasma etching method
for etching an organic film formed on a target substrate via a
mask of a silicon-containing film by generating a plasma of a
processing gas and also relates to a plasma etching apparatus,
a control program and a computer-readable storage medium
to be used therein.

BACKGROUND OF THE INVENTION

Conventionally, in a manufacturing process for a semicon-
ductor device, an etching target film, such as a silicon oxide
film or the like 1s plasma etched via a resist mask to have a
desired pattern. As for such plasma etching method, there 1s
known a technique for performing micro-processing with a
high accuracy by using a multilayer resist mask.

In a plasma etching process using the above-mentioned
multilayer resist film as a mask, there 1s known a plasma
ctching method 1n which an organic film serving as a lower
resist {ilm 1s plasma etched by using a plasma of a processing
gas while using a mask of a silicon-containing film formed
thereon. In the plasma etching process, a single gas ot O, gas,
a gaseous mixture of O, gas and N, gas, a gaseous mixture of
O, gas and CO gas, and a gaseous mixture of O, gas and CH,
gas are used as a processing gas. Further, in the plasma etch-
Ing process, a gaseous mixture of O, gas and arare gas 1s also
used as the processing gas (see, for instance, Japanese Patent
Laid-open Application No. 2004-296991).

In the plasma etching method using the above-mentioned
multilayer resist mask, the organic film 1s chemically etched,
so that there occurs a problem that a sidewall portion of the
organic film may not be etched to have a perpendicular shape.
That 1s, the sidewall portion of the organic film may be etched
excessively and curved to result 1 the occurrence of the
so-called “bowing”, or a portion under the mask may be
excessively etched, resulting 1n the occurrence of the so-
called “undercut™.

SUMMARY OF THE INVENTION

In view of the foregoing, the present invention provides a
plasma etching method capable of obtaining a fine etching,
shape by preventing the occurrence of bowing or undercut at
a sidewall portion of an organic film when the organic film 1s
plasma etched via a silicon-containing mask formed thereon.
Further, the present invention also provides a plasma etching
apparatus, a control program and a compute-readable storage
medium to be used therefor.

In accordance with a first aspect of the present invention,
there 1s provided a plasma etching method for etching an
organic film formed on a target substrate by using a plasma of
a processing gas via a silicon-containing mask, wherein the
processing gas 1s a gaseous mixture of an oxygen-containing,
gas, a rare gas and a carbon fluoride gas.

[t 1s preferable that the oxygen-containing gas 1s one of O,
gas, CO gas and CO,, gas, or a combination thereof.

The oxygen-containing gas may be O, gas and a ratio of a
flow rate of the carbon fluoride gas to a tlow rate of the O, gas
1s 1n a range from about 1 to 10%.
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The carbon fluoride gas may be C,F. gas and a ratio of a
flow rate of the C,F, gas to a tlow rate ot the O, gas 1s 1n a
range from about 5 to 10%

Preferably, the carbon fluoride gas 1s one of CF gas, C,F
gas, C,F, gas, C,F gas, CF, gas, C.F, gas and C.F . gas or a
combination thereof.

The silicon-containing film may be one of S1ON film, S1N
f1lm, S10, film, S1C film, S10C film, S1OCH film or a com-
bination thereof.

In accordance with a second aspect of the present inven-
tion, there 1s provided a plasma etching apparatus including;:
a processing chamber for accommodating a target substrate
therein; a processing gas supply unit for supplying a process-
ing gas into the processing chamber; a plasma generating unit
for generating a plasma of the processing gas supplied from
the processing gas supply unit and processing the target sub-
strate by the plasma; and a control unit for controlling the
plasma etching method described above to be executed 1n the
processing chamber.

In accordance with a third aspect of the present invention,
there 1s provided a computer-executable control program for
controlling, when executed, a plasma etching apparatus to
perform the plasma etching method described above.

In accordance with a fourth aspect of the present invention,
there 1s provided a computer-readable storage medium for
storing therein a computer-executable control program,
wherein the control program controls a plasma etching appa-
ratus to perform the plasma etching method described above.

In accordance with the aspects of the present invention,
there can be provided a method for obtaining a fine etching
shape by preventing the occurrence of bowing or undercut at
a sidewall portion of an organic film when the organic film 1s
plasma etched via a silicon-containing mask formed thereon.
Further, the present invention also provides a plasma etching
apparatus, a control program and a compute-readable storage
medium to be used therelor.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and features of the present imvention waill
become apparent from the following description of embodi-
ments given 1n conjunction with the accompanying drawings,
in which:

FIGS. 1A to 1C provide cross sectional views of a semi-
conductor water to which a plasma etching method 1n accor-
dance with an embodiment of the present invention 1s applied;

FIG. 2 1s a schematic configuration view of a plasma etch-
ing apparatus in accordance with the embodiment of the
present invention; and

FIGS. 3A to 3E present schematic views of respective
etching shapes ol Test Examples and Comparative Examples.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(Ll

The embodiments of the present invention will be
described with reference to the accompanying drawings
which form a part hereof. First, the configuration of a plasma
ctching apparatus will be explained in connection with FIG.
2.

The plasma etching apparatus includes a processing cham-
ber 1 airtightly configured and electrically grounded. The
processing chamber 1 has a cylindrical shape and 1s made of,
¢.g., aluminum. Disposed 1n the processing chamber 1 1s a
mounting table 2 for horizontally supporting thereon a semi-
conductor wafer W, which 1s a target substrate. The mounting
table 2, which 1s made of, e.g., aluminum, 1s supported by a
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conductive support 4 via an insulating plate 3. Further, a focus
ring S formed of, e.g., single-crystalline silicon 1s disposed at
the periphery of the top portion of the mounting table 2.
Furthermore, a cylindrical inner wall member 3a formed of,
¢.g., quartz or the like 1s provided for surrounding the periph-
ery of the mounting table 2 and the support 4.

A first and a second RF power supply 10a and 105 are
connected to the mounting table 2 via a first and a second
matching box 11a and 115, respectively. The first RF power
supply 10qa 1s for forming a plasma, and a high frequency
power of a specific frequency (27 MHz or more, ¢.g., 40
MHz) 1s supplied therefrom to the mounting table 2. Further,
the second RF power supply 105 1s for inducing ions, and a
high frequency power of a specific frequency (13.56 MHz or
less, e.g., 2 MHz) lower than the frequency of the first RF
power supply 10a 1s supplied from the second RF power
supply 106 to the mounting table 2. A shower head 16 1s
disposed above the mounting table 2, while facing the mount-
ing table 2 1n parallel, so that the mounting table 2 and the
shower head 16 are configured to function as a pair of elec-
trodes.

An electrostatic chuck 6 for electrostatically attracting and
holding the semiconductor water W 1s provided at an upper
portion of the mounting table 2. The electrostatic chuck 6 1s
formed of an insulator 66 and an electrode 6a embedded
therein, and the electrode 6a 1s connected to a DC power
supply 12. The semiconductor water W 1s attracted and held
by a Coulomb force generated by applying a voltage to the
clectrode 6a from the DC power supply 12.

A coolant path 4a 1s formed 1nside the conductive support
4, and a coolant entrance line 46 and a coolant exit line 4¢ are
connected with the coolant path 4a. By circulating a proper
coolant, e¢.g., cooling water, through the coolant path 4a, the
temperature of the support 4 and the mounting table 2 1s
regulated at a specific temperature level. Further, backside
gas supply channels 30 for supplying a cold heat transfer gas
(backside gas) such as helium gas or the like to the rear side of
the semiconductor water W 1s formed through the mounting,
table 2 and so forth. This backside gas supply channel 30 1s
connected to a backside gas supply source (not shown). With
these configurations, the semiconductor water W held by the
clectrostatic chuck 6 at the upper portion of the mounting
table 2 can be regulated to a desired temperature.

The shower head 16 serves as the ceiling wall of the pro-
cessing chamber 1. The shower head 16 includes a main body
16a and a top plate 165, and 1s supported at an upper portion
of the processing chamber 1 via an insulating member 45. The
main body 164 1s formed of a conductive matenal, such as an
aluminum ot which surface 1s anodic oxidized, and detach-
ably supports the top plate 165 at the lower portion thereof.
The main body 16a has a gas diffusion space 16c¢ therein, and
the bottom surface of the main body 16a 1s provided with a
plurality of gas through holes 164 placed at the bottom por-
tion of the gas diffusion space 16c.

Further, the top plate 165 1s provided with a number of gas
inlet holes 16e formed through the top plate 165 1n the thick-
ness direction thereol and being overlapped with the above-
mentioned gas through holes 164. With this configuration, a
processing gas supplied in the gas diffusion space 16c¢ 1s
dispersedly supplied into the processing chamber 1 1 a
shower shape via the gas through holes 164 and the gas inlet
holes 16¢. Further, provided 1in the main body 164 and the like
are lines (not shown) for circulating a coolant, so that the
shower head 16 can be cooled 1n a desired temperature during
the plasma etching process.

A gas inlet opening 161 1s formed at the main body 164 for
introducing the processing gas into the gas diffusion space
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16¢. The gas inlet opening 167 1s connected to one end of a gas
supply line 15a, and the opposite end thereof 1s connected to
a processing gas supply source 15 which supplies the pro-
cessing gas for etching (etching gas). A mass flow controller
(MFC) 1556 and an opening/closing valve V1 are sequentially
provided from the upstream side of the gas supply line 15a.
Further, the processing gas for plasma etching, e.g., a gaseous
mixture of O,, Xe and C_F, 1s supplied from the processing
gas supply source 135 1nto the gas diffusion space 16c¢ via the
gas supply line 15a. Then, the processing gas 1s supplied from
the gas diflusion space 16c¢ 1nto the processing chamber 1 in
a shower shape via the gas through holes 164 and the gas inlet
holes 16e.

A variable DC power supply 52 1s electrically connected to
the shower head 16 serving as an upper electrode via a low
pass filter (LPF) 51. The power feed of the variable DC power
supply 52 can be on-oif controlled by an on/oil switch 33. The
current and voltage of the variable DC power supply 52 and
the on/off operation of the on/off switch 53 are controlled by
a control unit 60 described below. Further, when a plasma 1s
generated 1 a processing space by applying the high fre-
quency powers from the first RF power supply 10a and the
second RF power supply 105, the on/oif switch 53 1s turned
on by the control unit 60, so that a negative DC power 1s
applied to the shower head 16 serving as the upper electrode.

A cylindrical ground conductor la extends upward from a
sidewall of the chamber 1 to be located at a position higher
than the shower head 16. The cylindrical ground conductor 1a
has a ceiling wall at the top thereof.

A gas outlet port 71 1s formed at a bottom portion of the
processing chamber 1, and a gas exhaust unit 73 1s connected
to the gas outlet port 71 via a gas exhaust line 72. By operating
a vacuum pump provided in the gas exhaust unit 73, the
processing chamber 1 can be depressurized to a specific
vacuum level. Further, a loading/unloading port 74 for the
waler W 1s provided at a sidewall of the processing chamber,
and a gate valve 75 for opeming and closing the loading/
unloading port 74 1s provided thereat.

Retference numerals 76 and 77 1n FIG. 2 are detachably
configured deposition shields. The deposition shield 76 is
installed along the inner wall of the chamber 1 so as to prevent
etching byproducts (deposits) from being attached to the
chamber 1. A conductive member (GND block) 79 DC-con-
nected to the ground 1s provided to a portion of the deposition
shield 76 at a height position substantially identical with the
height of the wafer W. With this configuration, an abnormal
discharge can be prevented.

The whole operation of the plasma etching apparatus hav-
ing the above-configuration 1s controlled by the control unit
60. The control unit 60 includes a process controller 61 hav-
ing a CPU and controlling parts of the plasma etching appa-
ratus; a user mterface 62; and a storage unit 63.

The user mterface 62 includes a keyboard for a process
manager to mput a command to operate the plasma etching
apparatus, a display for showing an operational status of the
plasma etching apparatus, and the like.

The storage unit 63 stores therein, e.g., recipes including
processing condition data and the like and control program
(software) to be used in realizing various processes, which are
performed 1n the plasma etching apparatus under the control
of the process controller 61. When a command 1s recerved
from the user mterface 62, a necessary recipe 1s called from
the storage unit 63 and 1t 1s executed at the process controller
61. Accordingly, a desired process 1s performed 1n the plasma
etching apparatus under the control of the process controller
61. The control program and/or the recipes including the
processing condition data and the like can be retrieved from a
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computer-readable storage medium (e.g., a hard disk, a CD, a
flexible disk, a semiconductor memory, or the like), or can be
used on-line by being transmitted from another apparatus via,
¢.g., a dedicated line, whenever necessary.

Below, there will be explained a sequence for plasma etch-
ing an organic resist film and the like formed on a semicon-
ductor waler W by using the plasma etching apparatus con-
figured as described above. First, the gate valve 75 1s opened,
and a semiconductor water W 1s loaded from a load lock
chamber (not shown) into the processing chamber 1 by a
transport robot (not shown) or the like to be mounted on the
mounting table 2. Then, the transport robot 1s retreated from
the processing chamber 1, and the gate valve 75 1s closed.
Subsequently, the processing chamber 1 1s evacuated via the
gas outlet port 71 by the vacuum pump of the gas exhaust unit
73.

When the mside of the processing chamber 1 reaches a
specific vacuum level, a processing gas (etching gas) 1s sup-
plied from the processing gas supply source 15. While main-
taining the internal pressure of the processing chamber 1 at a
specific pressure level, e.g., about 1.33 Pa (10 m'Torr), a high
frequency power having a frequency of, e.g., about 40 MHz 1s
supplied to the mounting table 2 from the first RF power
supply 10a. Further, from the second RF power supply 106, a
high frequency power having a frequency of, e.g., 2.0 MHz 1s
applied to the mounting table 2 for inducing 1ons. At this time,
a specific DC voltage 1s applied from the DC power supply 12
to the electrode 64 of the electrostatic chuck 6, whereby the
semiconductor waler W 1s attracted and held by the electro-
static chuck 6 by a Coulomb force.

By applying the high frequency powers to the mounting
table 2 as described above, an electric field 1s formed between
the shower head 16 serving as an upper electrode and the
mounting table 2 serving as a lower electrode. Thus, a dis-
charge 1s generated in the processing space where the semi-
conductor water W 1s located. As a result of the discharge, a
plasma of the processing gas 1s generated, and the organic
film and the like formed on the semiconductor water W are
ctched by the plasma.

Here, since a DC voltage 1s applied to the shower head 16
as described above while performing the plasma processing,
the following effect 1s obtained. That 1s, 1n a process of etch-
ing, €.g., an organic film via an morganic film serving as a
mask, a plasma having a high electron density and a low 10n
energy 1s required. Such requirement can be realized by
employing an about 100 MHz RF power source for a plasma
generation. In such a case, however, the power source
becomes large, so that 1t may be advantageous to use a power
source ol a lower frequency.

On the other hand, 11 the power source having a low 1fre-
quency 1s used, a power level needs to be set to be high to
obtain the high electron density, resulting in the high 1on
energy. Therefore, by applying the DC voltage to the shower
head 16 as described above, the 10n energy supplied to the
semiconductor waler W can be restrained while maintaining
the high electron density. As a consequence, an etching rate of
an etching target film in the semiconductor water W 1s
increased while a sputtering rate of a film serving as a mask
formed on the etching target film 1s reduced.

After the above-described etching process 1s finished, the
supply of the high frequency powers and the processing gas 1s
stopped, and the semiconductor water W 1s unloaded from the
processing chamber 1 1n a reverse sequence to that described
above.

Now, a manufacturing method for a semiconductor device
in accordance with an embodiment of the present invention

will be described with reterence to FIGS. 1A to 1C. FIGS. 1A
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to 1C provide enlarged configuration views of major parts of
a semiconductor waler W which 1s used as a target substrate
in the embodiment. In FIG. 1A, an etching target film, e.g.,
silicon oxide film 101, 1s formed on a semiconductor waler W.
On the silicon oxide film 101, there 1s formed a multilayer
resist including an organic film 10, (thickness of, e.g., 400
nm) as a lower resist, SION film 103 (thickness of, e.g., 45
nm) as a silicon-contaiming film, an O-ARC film (organic
anti-reflection coating film) 104 (thickness of, e.g., 25 nm)
and an ArF photoresist film 103 (thickness of, e.g., 60 nm) as
an upper resist, which are formed 1n that order from a lower
side. The ArF photoresist film 105 1s patterned through a
photolithographic process to have patterned openings 106 of
a specific shape.

The semiconductor water W having the above-described
configuration 1s loaded 1nto the processing chamber 1 of the
plasma etching apparatus shown 1n FIG. 2 and 1s mounted on
the mounting table 2. Then, from the state illustrated in FIG.
1A, the O-ARC film 104 and the S10ON film 103 are plasma
ctched while using the ArF photoresist film 105 as a mask,
thereby forming openings 107, as shown in FIG. 1B. When
plasma etching process for the O-ARC film and the S1ON film
103 1s completed, the ArF photoresist film remains thin.

Thereatter, from the state shown 1in FIG. 1B, the organic
film 102 1s plasma etched and openings 108 are formed,
whereby the semiconductor water becomes 1n a state of FIG.
1C. In this plasma etching process, the thin remaining films
such as the ArF photoresist film 105 and O-ARC film 104 are
completely removed, so that the organic film 102 1s finally
plasma etched through the S1ON film 103 patterned 1n the
above-mentioned process. Conventionally, a single gas of O,
1s used for plasma etching the organic film 102. In the
embodiment of the present mvention, however, a gaseous
mixture containing a gas containing oxygen (O), a rare gas
and a carbon fluornide gas (CF based gas) i1s used as the
processing gas for plasma etching the organic film 102.

As a Test Example 1, the above-described plasma etching
process was performed on a semiconductor water having the
same structure as that shown in FIG. 1A by using the plasma
etching apparatus illustrated 1n FIG. 2 1n accordance with a
processing recipe specified below.

A processing recipe of Test Example 1 1s read from the
storage unit 63 of the control unit 60 and mputted to the
process controller 61. The process controller 61 controls parts
of the plasma etching apparatus based on the control program,
so that the plasma etching process 1s performed according to
the retrieved processing recipe as follows:

(Processing condition for plasma etching of O-ARC film
and S1ON film)

processing gas : CF,/N,/O,=150/75/5 sccm;

pressure: 13.3 Pa (100 mTorr);

high frequency power (40 Mhz/2 Mhz): 1000/0 W; and

DC power: =300 V;

(Processing condition for plasma etching of organic film)

processing gas: O,/ Xe/C,F=125/125/10 sccm;

pressure: 1.33 Pa (10 mTorr);

high frequency power (40 MHz/2 MHz): 1400/0 W; and

DC power: 0 V.

In Test Example 1, 1t was confirmed that the semiconductor
waler W was etched to have a fine sidewall shape without a
generation of bowing or undercut from a result of an electron
microscope observation. The etching shape obtained 1n Test
Example 1 1s schematically illustrated in FIG. 3A.

Next, in Test Example 2, the processing condition for
plasma etching of O-ARC film and S10ON {ilm was 1dentical
with that 1n Test Example 1. Further, plasma etching of the
organic {ilm was performed under the processing condition
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same to the Test Example 1, excepting that a flow rate of the
processing gas as described below:

processing gas: O,/Xe/C,F =200/50/10 sccm.

In Test Example 2, the plasma etched semiconductor water
W was observed by the electron microscope. As a result, 1t
was confirmed that semiconductor water W was etched to
have a fine sidewall shape, even though the shape was inferior
to that of Test Example 1 with small bowing or undercut. The
ctching shape of Test Example 2 1s schematically presented 1n
FIG. 3B.

Moreover, in Comparative Examples 1 to 3, the organic
f1lm was plasma etched under the processing conditions same
as Test Examples 1 and 2 excepting that the processing gases
were changed as described below:

COMPARAIIVE EXAMPLE 1

Processing gas: O,=250 sccm;

COMPARAIIVE EXAMPLE 2

Processing gas: O,/C,F . =250/10 sccm; and

COMPARAIIVE EXAMPLE 3

Processing gas: O,/Xe=125/125 sccm.

In Comparative Examples 1 to 3, the etched semiconductor
walers W were observed by the electron microscope. As a
result, 1t was confirmed that the bowing or the undercut was
remarkably generated at the sidewalls of the semiconductor
walers W 1n comparison with those of Test Examples 1 and 2,
resulting 1n the deteriorated sidewall shapes. The etching
shapes of Comparative Examples 1 to 3 are schematically
presented 1n FIG. 3C to 3E.

As described above, 1n Test Examples 1 and 2, the genera-
tion of the bowing or the undercut was reduced 1n comparison
with Comparative Examples 1 to 3, resulting 1n {ine sidewall
shapes. Further, when performing the plasma etching by
replacing Xe gas 1n Test Examples 1 and 2 with Ar gas,
substantially same result as in Test Examples 1 and 2 could be
obtained.

The ratio of a tlow rate of the CF  gas to a tlow rate of the
O, gas (C,F . flow rate/O, flow rate) of the processing gas for
ctching the organic film was 8% 1n Test Example 1 and was
5% 1n Test Example 2. Further, as described above, the etch-
ing shape of the sidewall portion of Test Example 1 was more
preferable than that of Test Example 2. Accordingly, 1t 1s
preferable that the ratio of the flow rate of carbon fluoride gas
to the flow rate of the O, gas 1s set to be large.

However, a large ratio of the flow rate of carbon fluoride
gas to the flow rate of the O, gas tends to deteriorate an
ctching selectivity of the organic film to the silicon-contain-
ing film (S10N film or the like) (e.g., etching rate of organic
film/etching rate of silicon-containing film) serving as a
mask. An actual etching selectivity of an organic film to a
silicon oxide film, which 1s one kind of silicon-containing
films, was measured. As a result, 1t was found that the etching
selectivity of the organic film to the silicon oxide film (etching
rate ol organic film/etching rate of silicon oxide film) was
about 11.4 1n case of Test Example 1 and was about 17.0 1n
case of Test Example 2.

Further, when CF, gas 1s used as the carbon fluoride gas for
example, the adding amount of the carbon tluoride gas needs
to be less than that of a case where C,F . gas 1s used. That 1s,
the ratio of the tlow rate of the carbon tluoride gas to the tlow
rate of the O, gas 1s preferably 1n arange from about 1 to 10%.
Further, when C_F gas 1s used as the carbon fluoride gas as 1n
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the cases of Test Examples 1 and 2, the ratio of the flow rate
of the C,F . gas to the flow rate of the O, gas 1s preferably 1n
a range from about 5 to 10%.

Further, as the silicon-containing film serving as a mask for
etching the organic film, e.g., a S1N film, a S10, film, a S1C
f1lm, a S10C film, a S1OCH film and the like may be used 1n
licu of the S1ON film 1n the embodiment of the present inven-
tion. Moreover, the silicon-containing film may be a multi-

layer containing two or more layers of S1ION, Si1N, S10,, S1C,
S10C, S10CH and the like. Further, as the carbon fluoride gas,
e.g., C, I gas, C.l, gas, C,F, gas, Cl, gas, C.IF, gas, C.F,
gas and the like may be used 1nstead of the C,F . gas. More-
over, the carbon fluoride gas may 1include two or more gases
selected among the exemplified gases, 1.e., C,F . gas, C,Fg
gas, C F, gas, C,F, gas, CF, gas, C.F, gas, C.F, gas and the
like. Furthermore, although carbon fluoride gas (CF based
gas) was used 1n Test Examples 1 and 2, 1t may be possible to
use CHF based gas instead.

In Test Examples 1 and 2, although a single gas ot O, was
used as an oxygen-containing gas, a single gas of O, gas, CO
gas or CO, gas or a gaseous mixture thereol may be used
instead. In a case where CO gas or CO, gas 1s used as the
oxygen-containing gas, etching rate of the organic film and
ctching selectivity thereol to the silicon-containing film
(etching rate of organic film/etching rate of silicon-contain-
ing {ilm) tend to be deteriorated 1n comparison with a case
using the O, gas. For example, when the organic film was
ctched by using a single gas of O, (flow rate: 250 sccm;
pressure: 1.33 Pa (10 m Torr); high frequency power(40
MHz/2 MHz): 1400/0 W) , the etching rate of the organic film
was about 807 nm/min and the etching selectivity to the
s1licon oxide film was about 78.8.

In contrast, when the organic film was etched by using a
gaseous mixture of O, and CO (flow rate: O,/CO=125/125
sccm; pressure: 1.33 Pa (10 OmTorr); high frequency power
(40 MHz/2 MHz): 1400/0 W), the etching rate of the organic
f1lm was about 572 nm/min and the etching selectivity to the
s1licon oxide film was about 30.3. Therefore, 1n case of using
CO gas or CO, gas, the adding amount of the carbon fluoride
gas 15 preferably less than that of the case of the single gas of
O, gas.

As described above, 1n accordance with the embodiment of
the present invention, when the organic film 1s plasma etched
via a silicon-containing film serving as a mask formed
thereon, the occurrence of the bowing or the undercut can be
prevented, so that a fine etching shape can be obtained. Fur-
ther, 1t 1s to be noted that the present invention 1s not limited
to the above embodiment but can be modified 1n various ways.
For example, the plasma etching apparatus 1s not limited to
the parallel plate type apparatus shown in FIG. 2 in which
dual high frequency powers are applied to the lower electrode
and a DC power 1s applied to the upper electrode, but various
other plasma etching apparatuses can be used. For example,
the plasma etching apparatus may be of a type 1n which dual
high frequency powers are applied to the upper and the lower
clectrode or of a type 1n which single high frequency power 1s
applied to the lower electrode.

While the invention has been shown and described with
respect to the embodiments, 1t will be understood by those
skilled 1n the art that various changes and modifications may
be made without departing from the scope of the invention as
defined 1n the following claims.

What 1s claimed 1s:
1. A plasma etching method for etching an organic film
formed on a target substrate, comprising:



US 8,216,485 B2

9

providing a patterned silicon-containing mask on the
organic {llm where the organic film comprises an
organic resist layer in contact with the target substrate;
and

ctching the organic film formed on the target substrate by

using a plasma of a processing gas via the silicon-con-
taining mask,

wherein the processing gas 1s a gaseous mixture of an

oxygen-containing gas, a rare gas and a carbon fluoride
gas,

wherein the oxygen-containing gas 1s O, gas and a ratio of

a flow rate of the carbon fluoride gas to a tlow rate of the
O, gas 1s 1n a range irom about 1 to 10%.

2. The method of claim 1, wherein the carbon fluoride gas
1s C,F. gas and a ratio of a tlow rate of the C ,F . gas to a flow
rate of the O, gas 1s 1n a range from about 5 to 10%.

3. The method of claim 1, wherein the carbon fluoride gas
1s one of C F gas, C,F, gas, C, F, gas, C,F. gas, CF, gas,
C.F, gas and C.F, gas or a combination thereof.

4. The method of claim 1, wherein the silicon-containing
mask 1s one of S1ON film, SiN film, S10, film, S1C film, S10C
film, S1IOCH film or a combination thereof.

5. A plasma etching method for etching an organic film
formed on a target substrate, the method comprising the steps
of:

loading, 1nto a processing chamber, a target substrate on

which an organic film to be etched and a silicon-contain-
ing mask have been sequentially formed such that the
organic {ilm comprises an organic resist layer 1n contact
with the target substrate,
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supplying a processing gas, wherein the processing gas1s a
gaseous mixture of an oxXygen-containing gas, a rare gas
and a carbon fluoride gas;

generating a plasma of the processing gas; and

ctching the organic film via the silicon-containing mask by
using the plasma,

wherein the oxygen-containing gas 1s O, gas and a ratio of
a flow rate of the carbon fluoride gas to a flow rate of the
O, gas 1s 1n a range from about 1 to 10%.

6. The method of claim 3, wherein the carbon fluoride gas
1s C,F . gas and a ratio of a tlow rate of the C,F . gas to a flow
rate of the O, gas 1s 1n a range from about 5 to 10%.

7. The method of claim 5, wherein the carbon tluoride gas
1s one of C,F, gas, C,F, gas, C,F, gas, C,F . gas, CF, gas,
C.F, gas, and C.F . gas or a combination thereof.

8. The method of claim S, wherein the silicon-containing,
mask 1s one of S1ON film, S1N film, S10, film, S1C film, S10C
film, S1OCH film, or a combination thereof.

9. The method of claim 1, wherein-the organic film com-
prises a resist for etching the target substrate.

10. The method of claim 1, wherein a range of selectivity of
the organic film to the silicon-containing mask 1s from about
11.4 to about 17.0.

11. The method of claim 5, wherein-the organic film com-
prises a resist for etching the target substrate.

12. The method of claim 5, wherein a range of selectivity of

the organic film to the silicon-containing mask 1s from about
11.4 to about 17.0.
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